INTRODUCTION
It is now accepted that interleukin 2 (IL-2) is responsible for promoting the growth of mature T cells subsequent to their activation by antigen (Smith, 1984) . By comparison, the role of IL-2 in directing the proliferation of immature T cells remains controversial, particularly as proliferation occurs maximally in the developing thymus before expression of the T-cell antigen receptor complex (TCR) . By day 15 of murine fetal development, a majority of fetal thymocytes (>60%) express membrane receptors for IL-2, as evaluated by staining with monoclonal antibodies (mAbs) reactive with the IL-2 receptor (IL-2R) (Raulet, 1985; Habu et al., 1985; von Boehmer et al., 1985; Penit and Vasseur, 1989 thymocytes also have the capability to produce IL-2 when stimulated in vitro (Ceredig, 1986; Tetori et al., 1988a) . Therefore, it is plausible to hypothesize that the IL-2/IL-2R pathway is somehow involved in T-cell development, providing growth and/or differentiation signals. However, several reports have questioned the functional status of the IL-2R on fetal thymocytes (Ceredig et al., 1985; Lowenthal et al., 1986) , in part because the mAbs used to detect the IL-2R identify only the p55 chain of the IL-2R (Saragovi and Malek, 1987; Teshigawara et al., 1987) . This chain binds IL-2 with low affinity and cannot deliver the growth signal to the cell in the absence of the p75 chain; both chains are required to form functional high-affinity (Smith, 1988) .
The first and most crucial question regarding the possible role of the .IL-2/ILo2R pathway in T-cell development is whether the IL-2R expressed on fetal thymocytes is indeed functional. Answers to this question so far have been diverse. Although several 60 J..C. ZOIIGA-PFLOCKER et al. studies report that murine fetal thymocytes do not respond to IL-2 by proliferation (Raulet, 1985; Habu et al., 1985; von Boehmer et al., 1985) , other studies show that both murine and human fetal thymocytes exhibit IL-2-promoted proliferation (Hardt et al., 1985 (Hardt et al., , 1986 Toribio et al., 1988; Ceredig et al., 1989; Toribio et al., 1989; Watson et al., 1989) . The controversy is further fueled by the observation that the affinity of IL-2Rs on resting double-negative (CD4-/ CD8-) adult thymocytes (regarded as a model for fetal thymocytes) is lower than that reported for IL2Rs on mature activated T cells (Ceredig et al., 1985; Lowenthal et al., 1986) . Additionally, the IL-2Rs on these adult double-negative thymocytes cannot internalize IL-2. Even more compelling is the lack of any data showing that adequate concentrations of IL-2 are produced in the thymus. Given these considerations, we were intrigued by the observation that mAbs against the IL-2R p55 chain have dramatic inhibitory effects on fetal thymocyte maturation and proliferation (Jenkinson et al., 1987; Tentori et al., 1988b) .
In view of all these data, we sought to determine directly whether both IL-2 and functional IL-2R are expressed during T-cell (Fig. 1) . Moreover, by day 15, the majority of fetal thymocytes express mRNA for IL-2 and IL-2R, and both transcripts decline to low levels by the time of birth. These data provide the first evidence that fetal thymocytes are capable of IL-2 production without exogenous stimulation, and that the entire IL-2/IL-2R system appears to be developmentally regulated (Carding et al., 1989 (Smith, 1988) . Since previous experiments with fetal thymocytes only examined the expression of nonfunctional, lowaffinity, IL-2 binding sites using anti-p55 mAbs (Habu et al., 1985; Raulet, 1985; Penit and Vasseur, 1989) (Ceredig et al., 1985; Lowenthal et al., 1986) . Failure to detect highaffinity IL-2 receptors in adult double-negative thymocytes may have been due to the rigorous isolation procedure of cytotoxic depletion used to enrich for double-negative thymocytes; such lengthy methodology may disrupt the stability of the IL-2R on the remaining double-negative population. In the present study, IL-2R affinity was examined immedi- (Habu et al., 1985; . Raulet, 1985; von Boehmer et al., 1985 (Jenkinson et al., 1987; Tentori et al., 1988b ). Stimulation with IL-2 also increases, most markedly, the absolute and relative number of CD3-/ CD4-/CD8-(triple-negative, TN) cells, which doubles following incubation in IL-2 for 96 hr (Table 1) . CD4-/CD8-thymocytes are known to include the thymic precursor cells (Fowlkes et al., 1985; Scollay et al., 1988) , and their responsiveness to IL-2, reported here, suggests that IL-2 may be involved in the proliferation of these intrathymic multipotent CD3 -/CD4-/CD8-T-cell precursors. In addition, the relative and absolute number's of CD4-/CD8-thymocytes expressing V-gamma-3 TCR (Havran and Allison, 1988) (Havran and Allison, 1989 ). An analysis of other V-gamma/ V-delta subsets awaits availability of specific staining reagents. (Jenkinson et al., 1987) . Consistent with our findings that TN thymocytes exhibit an IL-2-dependent expansion, it can be expected that an anti-IL-2 blockade might specifically affect this subset most dramatically. Indeed, Table 3 shows that the relative and absolute number of immature thymocytes (TN, and CD5-dull or Lyl-dull; Fowlkes et al., 1985) is reduced under such conditions. It is noteworthy that the IL-2R expression in the anti-IL-2-treated group is obliterated; this is consistent with earlier findings that show that IL-2 regulates the expression of its own receptor (Malek and Ashwell, 1985) . Therefore, the observed effects from the anti-IL-2 blocking may not only reflect an absence of IL-2, but also reflect a down modulation of the IL-2R, resulting in a deficient IL-2/IL-2R pathway. Whatever the mechanism, a reduction in cell proliferation and expansion of, the thymocyte precursor pool is observed. growth factor for these early immature precursor thymocytes. Thus, the same lymphokine that is responsible for the growth promotion of mature activated T cells also plays as a key role in the proliferation of fetal thymocytes. 
MATERIALS AND METHODS

Hybridization Probes
All probes used for in situ hybridization were cDNA fragments cloned into the polylinker of the pGEM1 plasmid using strand procedures. The IL-2 probe was the 600 bp insert of pMIL-2-20 (Kashima et al., 1985) and was generously provided by T. Taniguchi. The murine IL-2R probe consisted of the full-length cDNA IL2R8 (Miller et al., 1985) . Exp 
In situ Hybridization
In situ hybridization was performed by a modification of the procedure of Harper et al. (1986) , and as previously described (Pardoll et al., 1987) . Briefly, fetal thymocytes from days 12-17 of gestation (timed pregnant C57BL/6 mice) were isolated, cyto-. spun onto slides, and hybridized in situ with the [35-S]-labeled single-stranded RNA probe for IL-2 and IL-2R (Kashima et al., 1985; Miller et al., 1985) . After a five-day exposure, slides were developed and counterstained with Giemsa. Grain count per cell was recorded for between 50 and 150 cells perslide. Nonspecific grain counts were determined by hybridizing under identical conditions with [35-S]-riboprobes synthesized from the opposite strand.
Taken together, our results show a marked increase in the percentage of CD3-/CD4-/CD8-thymocytes following IL-2 stimulation, or a decrease following IL-2 blocking, establishing IL-2 as a Radiolabeled IL-2-Binding Assay The radiolabled rIL-2-binding assays were performed as previously described (Teshigawara et al., 1987 Intact fetal thymus lobes were isolated from day 13-14 embryos and placed in organ culture as previously described (Mandell and Kennedy, 1978) (Leo et al., 1987) , -CD4 (Dialynas et al., 1983) , -CD5 (Ledbetter and Herzenberg, 1979) , -CD8 (Ledbetter and Herzenberg, 1979) , -IL-2R (Ortega et .al., 1984) , and V-gamma-3 (Havran and Allison, 1988) .
The relative DNA content was determined by fixing the cells (after staining for IL-2R) with ethanol followed by an incubation with RNase A and finally with propidium iodine; cells were washed and analyzed by flow cytometry, as previously reported (Ashwell et al., 1987) .
